ME 4010 MECHANICAL ENGINEERING DESIGN. NOTES ON POGO STICK AND FINITE ELEMENT ANALYSIS 

[TREATED AS SEPARATE TOPICS] 


1. POGO STICK. 






















FIRST PHOTO SHOWS THE EXCITEMENT EXPERIENCED BY A CHILD USING A POGO STICK 
SECOND PHOTO SHOWS A POGO STICK READY FOR THE ROADSHOW AND TELL OF MARKETING 
THIRD PHOTO SHOWS THE FREE BODY DIAGRAM OF A POGO STICK 

WE STARTED OUR ANALYSIS OF A POGO STICK WHICH HAD VERY FEW PARAMETERS; 

WEIGHT OF THE CHILD = 60 lbs. WEIGHT OF THE POGO STICK = 5 lbs. 

SPRING RATE = 50 lbs./in. COMPRESSION IN SPRING = 4 in. 

WE THEN CALCULATED THE DYNAMIC FORCE AND THE NATURAL FREQUENCY OF VIBRATION OF THE 
ENTIRE SYSTEM; OUR REASONING FOR THE DYNAMIC FORCE USED ENERGY METHODS AND WE 
CALCULATED THE FREQUENCY OF THE SPRING [SYSTEM] DURING THE USE OF THE POGO STICK, 


























CALCULATION OF DYNAMIC FORCE. 

WEIGHT OF SYSTEM COMPRESSING THE SPRING = 60 lbs. plus 5 lbs. = 65 lbs. 

DYNAMIC FORCE = [WEIGHT OF SYSTEM COMPRESSING THE SPRING] times [DISPLACEMENT OF 
SPRING / SYSTEM] = [65 lbs.] times [4 in.] = 260 lbs. in. 

ENERGY IN THE SYSTEM DUE TO COMPRESSION OF THE SPRING = [|] times [SPRING CONSTANT] 
times [SQUARE OF DISPLACEMENT OF SPRING / SYSTEM] = [|] times [50lbs. / in.] times [[4 in.] times [4 
in.]] = 400 lbs. in. 

AND SO HERE WE HAVE TWO NUMBERS; 260 lbs. in. AND 400 lbs. in. AND WE ASK THE QUESTION 
WHAT DO THEY MEAN? THIS IS WHERE OUR MECHANICS OF MATERIALS REASONING STOPS AND 
WE ASK WHAT HAPPENS DUE TO THESE TWO DIFFERENT FORCES AS OUR FIRST STEPS IN 
ENGINEERING REASONINGS. DUE TO THE ENERGY IN THE COMPRESSION OF THE SPRING BEING 
GREATER THAN THE ENERGY OF THE DYNAMIC FORCE COMPRESSING THE SPRING WE GET AN 
UPWARD THRUST THAT IS CALLED THE POGO STICK IS WORKING! 

NATURAL FREQUENCY OF THE SYSTEM [SPRING]. 

NATURAL FREQUENCY f = [£] SQUARE ROOT [[[SPRING CONSTANT] times [ACCELERATION DUE TO 
GRAVITY]] divided by [WEIGHT OF SYSTEM]] = [|] SQUARE ROOT [[[50 lbs. Per in.] times [32.2 ft. per 
second squared]] divided by [65 lbs.]] = 8.62 Hz. 

THE NATURAL FREQUENCY OF THE SYSTEM [SPRING] IS THEN COMPARED WITH THE NATURAL 
FREQUENCY OF THE COMPONENTS INSIDE THE POGO STICK TO AVOID HARMONICS COMBINING 
INTO PROBLEMS! 





THE POGO STICK IS A GOOD EXAMPLE OF MECHANICAL SYSTEMS WITH STATIC LOADING AND DYNAMIC 
LOADING; AND MY PERSONAL OPINION IS THAT IT INTRODUCES ENGINEERING REASONINGS, ESPECIALLY 
MECHANICAL ENGINEERING DESIGN IN AN ELEGANT AND SIMPLE WAY WITHOUT ELECTRONICS. 

LET US LOOK AT THE TWO NUMBERS WE CALCULATED; AND TRY TO UNDERSTAND WHAT THEY MEAN, 

DYNAMIC FORCE RESULTING FROM THE DIFFERENCE IN THE COMPRESSION OF THE SPRING DUE TO THE 
POGO STICK IN USE WHICH WAS 400 lbs. in. [SPRING] MINUS 260 lbs. in. [POGO STICK] GIVING A 
FORCE THAT RESULTS IN AN UPWARD THRUST OF 140 lbs. in. [POGO FORCE [?]] WHICH ALLOWS 
THE CHILD AND THE POGO STICK [WHOSE COMBINED WEIGHT IS 65 lbs.] TO BE PUSHED OFF THE GROUND SO 
THAT THEY CAN LAND ONCE AGAIN AND THE ACTIVITY OF USING THE POGO STICK CONTINUES. 

THE NATURAL FREQUENCY OF THE SYSTEM [SPRING] WAS CALCULATED TO BE 8.62 Hz AND ITS USEFULNESS 
AND RELEVANCE IS IN COMPARING THE VALUE TO THE NATURAL FREQUENCY OF THE SPRING AND SEE IF 
THERE ARE ANY HARMONICS PRESENT. THE WORD HARMONICS INCLUDES OVER UNITY MAGNITUDES AS 
WELL MAS UNDER UNITY MAGNITUDES. IN MECHANICAL DESIGN WE DO OUR VERY BEST TO AVOID 
HARMONICS AND RESONANCES AS THEY COMBINE AND COMPOUND TO HASTEN FAILURES. 

FROM JUST THE PARAMETERS ESTIMATED; I SEE YOUR POINT, WHY AM I DOING MECHANICS OF MATERIALS 
CALCULATIONS? I WANT TO LEARN MECHANICAL DESIGN AND DESIGN THINGS. ESTIMATING DYNAMIC 
FORCE IS GOOD. CALCULATING NATURAL FREQUENCIES IS ALSO GOOD AS I CAN APPRECIATE MOTION. 

GOOD QUESTION! I WILL NOT TELL YOU I HAVE AN ANSWER FOR YOU BUT I WILL TELL YOU THIS; YOU WILL 
BE CALCULATING AND ESTIMATING NUMBERS AND VALUES OF ALL KINDS AND TYPES IN MANY MANY 
SITUATIONS, AND THE ONLY THING THAT DRIVES YOU IN THAT TEDIUOS WORK IS THAT YOU ARE AN 
ENGINEER! YOU SIMPLY DO THOSE CALCULATIONS BECAUSE OF YOUR EMPLOYING ENGINEERING 
REASONINGS; SOMETHING WHICH REVOLVES AROUND THE HOLY GRAIL OF ENGINEERING, THE DESIGN 
CRITERIA OR THE DESIGN INTENT OR IN SIMPLE WORDS “WHAT THE THING IS SUPPOSED TO DO”! 

SO NOW THE QUESTION WHAT EXACTLY IS THIS MYSTERIOUS ENGINEERING REASONINGS AND HOW DO WE 
APPLY IT TO THE POGO STICK? WHY? WE WANT THE CHILD TO HAVE FUN AND BE SAFE! AND I KNOW FULLY 
WELL THAT MY ANSWER HAS NOT GONE ALL THAT WELL WITH SOME OF YOU. BUT HERE WE GO THINKING 
OF THE POGO STICK IN ENGINEERING REASONINGS. BEFORE THAT SOME POGO STICK TRIVIA; 


















NOW LET US LOOK AT THE POGO STICK AS A SYSTEM IN ISOLATION AND ON ITS OWN MERITS. I 
CONFESS THAT I HAVE NEVER RIDDEN A POGO STICK AND I DO NOT PLAN TO RIDE ONE! NOW THIS 
IS WHAT HAPPENS IN A POGO STICK [AND REMEMBER I COULD BE COMPLETELY WRONG HERE]; 

1. INITIALLY THE PERSON GETS ON THE POGO STICK WITH BOTH FEET FINALLY ON AND IS IN A 
CONDITION OF BALANCE. AFTER FINDING AND SECURING THAT BALANCE THE PERSON USES THE 
MOVEMENT OF LEGS / FEET / ANKLES / KNEES BY FLEXING THEM AND CAUSES COMPRESSION IN 
THE SPRING TO START IT ONWARDS TO A PRIMING ACTION BY BUILDING FORCES INSIDE THE 
SPRING WHICH UPON EXCEEDING THE WEIGHT OF THE PERSON WILL THRUST THE PERSON AND 
THE POGO STICK UPWARDS RESULTING IN "POGOING" OR POGO STICK ACTION. 

2. ONCE THE POGO STICK ACTION STARTS IT CONTINUES TILL THE PERSON STOPS IT. HERE 
THINGS ARE IN CONTINUOUS DYNAMIC LOADING AND BALANCE. 

THE POGO STICK IS THUS TWO DIFFERENT DEVICES IN ONE; ONE DEVICE BEFORE THE START OF 
THE POGO ACTION AND THE OTHER DEVICE AFTER THE START OF THE POGO ACTION AND THEIR 
ENVIRONMENTS ARE AS DIFFERENT AS NIGHT AND DAY. THE FIRST DEVICE IS PURELY STATIC AND 
EVERYTHING ABOUT THE SECOND DEVICE IS ANYTHING BUT STATIC. SO I AM GOING TO 
INTRODUCE TO YOU SOME TERMINOLOGY; 1.] INITIALIZATION SEQUENCE OF THE POGO STICK, 2.] 
STATE MACHINE, 3], DESIGN CRITERIA ETC., AND MY PURPOSE IS TO HAVE YOU THINK IN THE BIG 
PICTURE AS ONLY SUCH THOUGHT PROCESS WILL HELP YOU UNDERSTAND THE NUMBERS YOU GET 
FROM THE MULTIPLE FACETED ANALYSES YOU WILL BE DOING. AGAIN EVERYTHING RELATES BACK 
TO THE SIMPLE RULE; IT ALL HAS TO WORK WITHOUT HURTING ANYONE OR ITSELF! 

OBVIOUSLY YOU HAVE RECOGNIZED WHAT INITIALIZATION SEQUENCE OF THE POGO STICK 
MEANS; GETTING ON THE POGO STICK ONE FOOT FIRST THEN THE OTHER FOOT FINDING AND 
SECURING THE BALANCE BEFORE YOU CAN START THE PRIMING ACTION TO TAKE THE POGO STICK 
INTO ITS BEING USED AS INTENDED; A POGO STICK! BEFORE ANYTHING LOOK AT THE TWO WORLD 





RECORDS FOR POGO STICKS; NONSTOP POGOING OF 70,271 JUMPS AND A MARATHON USING A POGO 
STICK OF 26.2 MILES. THE 70,271 JUMPS TRANSLATES INTO 70k CYCLES OR JUMPS AND IS WHAT 
THE SPRING IS EXPOSED TO. THE PERSON WHO SET THIS RECORD ALSO WENT FOR A TOTAL OF 
OVER 200k JUMPS OVERALL. WHAT IT MEANS IS THAT THE SPRING SHOULD LAST ITS 
COMPRESSION AND RELEASE HOWEVER MANY TIMES AND STILL BE ABLE TO DELIVER THE NEXT 
POGO JUMP. AND AGAIN AND AGAIN IT REPEATS; WHILE WE HAVEN'T THOUGHT OF THE 
HARMONICS ENTERING THE PICTURE AND WHAT THAT SIMPLY MEANS IS OVER-UNITY AND SUB- 
UNITY MULTIPLES OF THE NATURAL FREQUENCY CAUSING VIBRATIONS AND OSCILLATIONS OF 
THE SPRING! IT IS NOT TOO UNREALISTIC TO IMAGINE ABOUT 20 TIMES THE TOTAL NUMBER OF 
JUMPS AS THE OSCILLATIONS INSIDE THE SPRING IN ADDITION TO THE NORMAL POGOING 
COMPRESSIONS AND RELEASES, GIVING US A FATIGUE LIFE REQUIREMENT OF [200k] TIMES [20] = 
4,000,000 COMPRESSIONS AND RELEASES [WITH VIBRATIONS AND OSCILLATIONS THROWN IN 
THERE SOMEWHERE] OF THE SPRING. SO YOU ASK ME ARE WE DESIGNING AN AUTOMOTIVE SHOCK 
ABSORBER OR A CHILDS TOY? AND EVEN IF WE ELIMINATED THE HARMONICS ISSUES 200k 
COMPRESSIONS AND RELEASES FOR A $25USD IS QUITE A BIT DONT'T YOU THINK. OFCOURSE YOU 
WILL SAY IT CAN BE A $1,000USD POGO STICK BUT STILL THE POINT IS THIS; THERE IS A LOT 
GOING ON INSIDE THE POGO STICK. AND THEN WHAT ABOUT THE POGO STICK THAT WAS USED IN 
THE MARATHON? AND SO YOU START ASKING THE QUESTION IF THE POGO STICK WILL SURVIVE 
AS THE OPPOSITE OF THAT QUESTION [MEANING; WILL THE USER SURVIVE THE POGO STICK?] IS 
NEVER ASKED. THIS IS JUST THE BEGINNING FOLKS AS PEOPLE FANTASIZE AND ROMANTICIZE 
ABOUT THE POGO STICK! PEOPLE WANT AN UNIVERSAL POGO STICK THAT CAN ACCOMODATE 
RIDERS RANGING FROM CHILDREN [60 lbs.] TO ADULTS [300 lbs.]. AND SOME WANT A POGO STICK 
FOR TWO AS A PART OF TOGETHERNESS ACTIVITIES; SIMILAR TO DUAL RIDER BICYCLES! 

SO WHAT I AM GETTING AT IS THIS; THE POGO STICK IS A SIMPLE MECHANISM WITHOUT TOO 
MANY PARTS IN IT AND IF YOU UNDERSTAND WHAT IS HAPPENING IN THE POGO STICK FROM THE 





PERSPECTIVES OF MAKING IT WORK AND ANALYSE IT WITH ENGINEERING REASONINGS YOU WILL 
THEN BE READY UNDERSTAND AND APPRECIATE THE ACTIVITIES, BOTH THE BIG PICTURE AND ALSO 
THE TINY DETAILS THAT GO INTO YOUR ACTIVITIES AS AN ENGINEER. LET US KEEP IT SIMPLE AND 
GET ALL OUR ENGINEERINGS FIGURED OUT ON THIS SMALLER AND SIMPLER SYSTEM SO THAT WE 
UNDERSTAND THINGS CLEARLY. ONCE YOU HAVE UNDERSTOOD THE POGO STICK OTHER LARGER 
AND COMPLEX SYSTEMS ARE JUST MORE OF THE SAME OR MAYBE SOMEWHAT FANCIER IN THEIR 
DRESSUPS AS YOU WILL USE THE SAME TOOLS TO ATTACK COMPLEX SYSTEMS. THE POINT IS THAT 
REGARDLESS OF THE SYSTEMS YOU STUDY AND SOLVE ENGINEERING REASONINGS ARE THE SAME. 
WHAT YOU ALSO HAVE TO RECOGNIZE IS THAT IT IS NOT THE APPRECIATION OF YOUR WORK BY 
OTHERS BUT RATHER YOUR APPRECIATING THAT THE TASK IS BOTH IN THE BIGGER PICTURE AND 
THE DETAILS ALL OF WHICH HAVE TO COME TOGETHER PROPERLY IN ORDER TO MAKE THINGS 
WORK. THIS IS WHAT WILL GIVE YOU THE STRENGTH AND THE MINDSET TO TACKLE PROBLEMS. 

NOW SOME PEOPLE ASK WHEN THEY SEE THE POGO STICK ABOUT THE VELOCITY WITH WHICH IT 
WILL THRUST THEIR CHILD UPWARDS? YOU NEED NUMBERS AND YOU PROVIDE FACTS. EVERYTHING 
YOU DO IS MERELY THE TIP OF THE ICEBERG FOR OTHERS. THERE ARE MANY CALCULATIONS THAT 
ENTER THE PICTURE; ONE OF THEM IS THE STRENGTH OF THE PEDALS UNDER THE DYNAMIC FORCES 
APPLIED AND USING BEAM THEORY TO ESTIMATE THE STRESSES. THE SPRING ITSELF IS AN 
ENTIRE UNIVERSE AND YOU WILL HAVE TO SIZE THE SPRING FOR BOTH THE DEVICES; BEFORE AND 
AFTER POGOING. AND PEOPLE ASK ALWAYS HOW MANY JUMPS WILL THE POGO STICK LAST? FOR 
THAT YOU ALREADY KNOW THAT SOME FOLKS TAKE IT THROUGH THE PACES. 

SO NOW WE WILL GO THROUGH SOME ESTIMATIONS AND CALCULATIONS. IT IS NOT MY PURPOSE 
TO BURDEN YOU WITH TONS OF DETAILS; JUST TO SHOW YOU THE PROCESS TO APPLY IN 
RESOLVING THE DESIGN ASSOCIATED WITH SYSTEMS. 





P OGO STICK DEVICE 1. 

HERE THE REQUIREMENT IS SIMPLE ENOUGH WE THINK SO ANY WAY; THE PERSON GETS ON THE 
POGO STICK AND IS WITH BOTH FEET ON THE SUPPORT PADS. WHAT THE SPRING HAS TO DO IS 
COMPRESS TO AN INTIAL COMPRESSION WHICH VALUE IS REALIZED BY DIVIDING THE PERSONS' 
WEIGHT BY THE SPRING RATE. IN THE CASE OF OUR EXAMPLE THE VALUE IS 60 lbs. DIVIDED BY 50 
lbs / inch. OR 1.2 inches. NOW WE DO NOT KNOW IF THIS IS A PART OF THE TOTAL TRAVEL OF THE 
SPRING IN BOTTOMING OUT BY COMPRESSING 4 inches. AT THIS TIME LET US NOT WORRY ABOUT 
IT. AND THEN ANOTHER QUESTION WHAT IF THE PERSON WEIGHS 100 lbs.? OBVIOUSLY THE 
SPRING COMPRESSES A TOTAL AMOUNT OF 2 inches. AGAIN SAME QUESTION RELATED TO TOTAL 
TRAVEL OF 4 inches AND WE LEAVE IT ALONE FOR NOW. 

SO WHAT WE HAVE NOW IS AN INTIAL CONDITION OF THE POGO STICK AS DEVICE NUMBER 1 
WHICH MUST HAVE THE FOLLOWING CAPABILITIES; 

■ FOR A CERTAIN RANGE OF PERSONS THE POGO STICK MUST ALLOW FOR THEIR GETTING ON IT AND 
BEYOND THE INITIAL COMPRESSION OF THE SPRING THE SPRING SHOULD ALLOW FOR THE POGO 
STICK TO BE PRIMED; OR IN OTHER WORDS, PERSON GETS ON POGO STICK THEN PRIMES IT TO A 
VALUE THAT IS GREATER THAN THE WEIGHT OF THE PERSON AND THE POGO STICK BY A FACTOR OF 
TWO OR MAYBE THREE TIMES THE TOTAL WEIGHT OF THE PERSON AND THE POGO STICK. 

■ THEN THIS PRIMING ACTION CREATES FURTHER COMPRESSION IN THE SPRING WHICH IF WE ARE TO 
BE CERTAIN NEEDS TO BE AT LEAST TWO TO THREE TIMES THE TOTAL WEIGHT OF THE PERSON AND 
THE POGO STICK. LET US ASSUME THAT THE RANGE OF PERSONS' WEIGHTS CAN BE FROM 50 lbs. TO 
100 lbs. GIVING US INITIAL SPRING COMPRESSIONS OF 1 inch AND 2 inches. AT THIS POINT THE 
WEIGHT OF THE POGO STICK DOES NOT ENTER THE ANALYSIS AND STARTS BECOMING IMPORTANT 
WHEN THE PRIMING STARTS. IF WE ASSUME THE WEIGHT OF THE POGO STICK TO BE 5 lbs. WHICH 
ALLOWS US 0.1 inches INCREMENTS THEN WHAT WE ARE NEEDING IS A MINIMUM AND MAXIMUM 
FORCE DETERMINATION TO THRUST THE POGO STICK AND PERSON UPWARDS THAT WILL ALLOW US 
TO DETERMINE THE LENGTH OF THE SPRING AND START SIZING UP THE POGO STICK. 





SO WE SET UP THE PARAMETRS THUS AND STUDY THEM IN THE TABLE BELOW; 

■ WEIGHT OF PERSON RANGING FROM 50 lbs. TO 100 lbs. 

■ WEIGHT OF POGO STICK IS 5 lbs. FOR ALL CASES 

■ INITIAL COMPRESSION OF SPRING RANGES FROM 1 inch TO 2 inches 

■ ADDITIONAL COMPRESSION NEEDED WHICH IS AGAIN TWO CONDITIONS; TWICE THE TOTAL 
WEIGHT OF THE PERSON AND POGO STICK OR THREE TIMES THE TOTAL WEIGHT OF THE 
PERSON AND POGO STICK 


PARAMETER 

UNDER STUDY 
FOR POGO STICK 
SPRING LENGTHS 
NEEDED 

INITIAL 

COMPRESSION OF 
SPRING 

TOTAL WEIGHT 

OF POGO STICK 
AND PERSON 

ADDITIONAL 

COMPRESSION TO 
REALIZE TWICE 
TOTAL WEIGHT 
THRUST 

ADDITIONAL 

COMPRESSION TO 
REALIZE THREE 
TIMES TOTAL 
WEIGHT THRUST 

WEIGHT OF 
PERSON = 50 lbs. 

1 inch. 

55 lbs. 

2.2 inches 

3.3 inches 

WEIGHT OF 
PERSON = 100 lbs. 

2 inches. 

105 lbs. 

4.2 inches 

6.3 inches 


SO OUR SPRING IN ORDER TO ACCOMODATE PERSONS RANGING FROM 50 lbs. TO 100 lbs. NEEDS TO 
BE A MINIMUM LENGTH OF 3.2 inches AND A MAXIMUM LENGTH OF 8.3 inches. WAIT A MINUTE HOW 
DID I SNEAK IN THESE NUMBERS? HERE WE GO; USING THE PERSON WEIGHING 50 lbs AS THE 
EXAMPLE. 

■ INITIAL COMPRESSION OF SPRING IS 1 inch RESULTING FROM 50 lbs WEIGHT AND 50 lbs per 
inch SPRING RATE. 

■ TOTAL WEIGHT OF THE PERSON AND POGO STICK TOGETHER IS 50 lbs. PLUS 5 lbs. = 55 lbs. 





■ USING A SAFETY FACTOR OF TWICE THE TOTAL WEIGHT AS THE THRUST NEEDED FOR POGO 
ACTION WE GET COMPRESSION IN SPRING = TWICE THE TOTAL WEIGHT DIVIDED BY SPRING 
RATE WHICH WORKS OUT TO 2.2 inches. 

■ SAME REASONING AND CALCULATIONS WITH THREE TIMES THE TOTAL WEIGHT AS THE 
THRUST NEEDED FOR POGO ACTION GIVES COMPRESSION IN SPRING = THREE TIMES THE 
TOTAL WEIGHT DIVIDED BY SPRING RATE WHICH WORKS OUT TO 3.3 inches. 

■ SO NOW THE SPRING MUST COMPRESS HERE FOR JUST THE PERSON WEIGHING 50 lbs. 
ANYWHERE FROM 3.2 inches TO 4.3 inches TOTAL DEPENDING UPON THE THRUST 
REQUIREMENTS BEING TWICE OR THREE TIMES THE TOTAL WEIGHT. 

■ APPLYING THE ABOVE REASONING AND CALCULATIONS WE GET THE ITEMS IN LINE #2 OF 
THE TABLE. HOWEVER SINCE THE SAME POGO STICK WORKS FOR BOTH PERSONS WE MUST 
USE THE SAME COMPONENTS FOR BOTH GETTING A MAXIMUM LENGTH OF 8.3 inches AND THE 
MINIMUM LENGTH BEING 5.3 inches. THE 100 lbs PERSON DICTATES THE DESIGN SETTINGS 
FOR THE POGO STICK AND WE MUST MAKE SURE THE 60 lbs PERSON IS GETTING A 
COMFORTABLE EXPERIENCE ALSO. 

SO FAR WE ARE ONLY ON POGO STICK DEVICE 1 ONLY. THE CONCEPT OF THE STATE MACHINE IS 
SIMPLY THAT THE PARAMETERS OF THE TABLE ARE GIVEN BACK TO THE USER EVERY TIME THE 
POGO STICK IS USED AND WHEN USED THE POGO STICK DOES NOT CHANGE FROM BEING THE POGO 
STICK DEVICE 1 TO POGO STICK DEVICE 2. SO THAT IS POGO STICK DEVICE 1 WHICH WHEN GOT 
UPON BY A PERSON ALLOWS THEM TO PRIME THE POGO STICK BY COMPRESSING THE SPRING 8.3 
inches MAXIMUM NEEDING THE SPRING TO BE AT LEAST 8.3 inches. THE NEXT STEPS INVOLVE 
ADDRESSING THE ECONOMICS AND GENERALISING THE SPRING DIMENSIONS TO REALIZE 
GREATEST VALUE FOR LEAST COST ETC., AND WE DO REALIZE THAT THE POGO ACTION HAS NOT 
YET STARTED AND UPON ITS STARTING THE NEXT DEVICE MATERIALIZES; POGO STICK DEVICE 2. 





POGO STICK DEVICE 2. 

POGO STICK DEVICE 1 ENABLES THE SYSTEM TO BECOME POGO STICK DEVICE 2 AND THE 
TRANSFORMATION CAN ONLY HAPPEN DUE TO THE INITIALIZATION SEQUENCE AND NOT IN ANY 
OTHER WAY; HENCE THE CONCEPT OF A STATE MACHINE. ON THE OTHER HAND THE REVERSE IS 
POSSIBLE AND ACCEPTABLE AS LONG AS THERE IS NO DANGER TO THE RIDER OR ANYONE ELSE OR 
ANYTHING. ONCE THE POGO STICK ACTION OCCURS THEN WE HAVE THE ANALYSES OF THE 
DYNAMIC LOADS AND THEN CALCULATING FORCES IN THE SPRING, THE SUPPORT PEDALS, 

ESTIMATE LIFE DUE TO FATIGUE AND MANY OTHER THINGS. THE POINT YOU HAVE TO 
UNDERSTAND IS THAT THE POGO STICK MAY BE WHAT YOU ARE ANALYSING TODAY AND 
TOMORROW SOMETHING ELSE. THE TOOLS AND TECHNIQUES REMAIN THE SAME. WHAT FOLLOWS 
NOW ARE SOME THOUGHTS REGARDING OUR POGO STICK TO HELP US UNDERSTAND IT BETTER. 
FINITE ELEMENT MODELLING AND ANALYSIS HELPS YOUR INITIAL HAND CALCULATIONS, GIVES 
YOU MORE ANSWERS NEEDED SO THAT YOU FOCUS ON DECISIONS REGARDING THE DESIGN ETC. 

ONE THING WE MENTIONED AT THE START IS THAT POGO STICK DEVICE 2 IS A COMPLETELY 
DIFFERENT DEVICE EVEN THOUGH IT CONTAINS WITHIN ITSELF ALL OF POGO STICK DEVICE 1 IN 
ITS ENTIRETY. AND WHAT EXACTLY IS POGO STICK DEVICE 2? AND DOES IT HAVE ITS OWN STATE 
LIKE POGO STICK DEVICE 1; EVEN THOUGH POGO STICK DEVICE 1 IS CONTAINED WITHIN IT? THE 
MOMENT THE PERSON IS LIFTED OFF THE GROUND THE SPRING UNCOMPRESSES AND EXTENDS 
FULLY. AND GRAVITY BRINGS THE PERSON, POGO STICK AND ALL DOWN FOR ANOTHER IMPACT AND 
ANOTHER POGO BOUNCE. AND THIS UNCOMPRESSION IS OPPOSITE TO THE RELEASE FROM THE 
INITIAL COMPRESSION TO PRIME THE POGO STICK. WE WILL LOOK AT A COUPLE OF ITEMS AND SEE 
HOW THE CALCULATIONS ARE DONE TO GET AN IDEA OF THE ENGINEERING REASONINGS. 

FIRST QUESTION WE WILL ASK IS WHAT IS THE VELOCITY WITH WHICH THE PERSON REBOUNDS 
AFTER LANDING ON THE GROUND? WE LOOK AT THE ENERGY IN THE SYSTEM; GOING BACK TO POGO 
STICK DEVICE 1, THE SPRING COM PRESSES AND THE PERSON IS ON THE POGO STICK AND NOT YET 





READY TO PRIME WE HAVE THE POTENTIAL ENERGY OF THE INITIAL COMPRESSION OF THE SPRING 
OPPOSED BY THE ENERGY STORED INSIDE THE SPRING AND THEY BOTH BALANCE OUT. OUR FOCUS 
IN ON THE POGO KICK UPWARDS AFTER THE PERSON LANDS; FOR WHICH WE HAVE TO EQUATE THE 
ENERGY OF THE POGO STICK WITH PERSON ON IT TO THE ENERGY IN THE SPRING READY TO KICK 
THE STICK UPWARDS. 

[£] TIMES [MASS OF THE SYSTEM] times [VELOCITY SQUARED] = 400 lbs. in. minus 260 lbs. in. 

AND SOLVING FOR VELOCITY WE GET 11.78 ft. per second. THIS VELOCITY IS ROUGHLY 8 MILES 
PER HOUR. NOW YOU SEE A PARENTS' CONCERN. NOW THIS SAME PARAMETER BECOMES 
IMPORTANT AND NEEDS TO BE MAXIMISED FOR COMPETITION POGOING! 

AND FROM THIS POINT WE WOULD GO ON TO ESTIMATING LOADS ON THE PEDAL / FATIGUE LIFES 
ETC., AND AGAIN REMEMBER WE ARE ONLY GETTING OUR NUMBERS TOGETHER AND WILL EVALUATE 
THE DESIGN TO SEE IF IT PERFORMS LIKE IT SHOULD USING ENGINEERING REASONINGS. 

WHAT YOU MUST RECOGNIZE AND REMEMBER ANYONE CAN DO THE CALCULATIONS. IT NEEDS YOU 
THE ENGINEER TO INTERPRET THE NUMBERS AND PROVIDE THE GUIDANCE. 

IF WE ALWAYS DID WHAT EVERYONE ELSE DID THEN OUR WORK IS USELESS AND AGAIN WE ARE 
HERE TO LEARN AND DO NEWER THINGS; SOMETIMES BOLDLY POGOING [GOING] WHERE NO ONE 
HAS POGOED [GONE] BEFORE. AND SO; FOR FURTHER WORK AND ANALYSIS, 

WE ARE GOING TO DESIGN A POGO STICK [SYSTEM] FOR TWO COMPLETELY FROM SCRATCH AND I 
HAD ALSO MENTIONED THE VERTICAL AXIS WIND TURBINE WHICH IS THE HOTTEST TOPIC 
NOWADAYS FOR OFFSHORE WIND ENERGY GENERATION WITHIN BOTH THE GOVERNMENT AND 
PRIVATE [CORPORATE] SECTORS WORLDWIDE. WE SHALL DO HAND[S] ANALYSIS AND ALSO TOSS 
[THROW] THESE ONTO THE FINITE ELEMENTS ANALYSIS SOFTWARE. LIKE THE RAGU SAUCE 
COMMERCIAL; ITS IN THERE! EVERYTHING! WE WILL USE ALL TECHNIQUES; AND ABOVE ALL THESE 
TWO DESIGNS WILL DEFINITELY MAKE YOU THINK AND BECOME ORIGINAL IN YOUR THOUGHTS! 





EXAMPLES OF VERTICAL AXIS WIND TURBINES 
[LARGE OFFSHORE DARREIUS EGGBEATER] [SMALL OFF-GRID RESIDENTIAL VAWT] 

[ARTISTS' RENDERING] [WE WILL DESIGN OUR OWN VAWT 2.5 kW] 



















2. FINITE ELEMENTS ANALYSIS. 

THE ONLY THING YOU HAVE IN COMMON WITH YOUR GRANDFATHER’S [AND THE MANY MANY 
GRANDFATHERS' GENERATIONS BEFORE THAT] WORLDS OF ENGINEERING IS ENGINEERING REASONINGS! 
EVERYTHING HAS CHANGED; THE TOOLS AND THE ARENAS OF APPLICATIONS. YOU WILL HEAR 
CONSTANTLY OF HOW THE GOLDEN GATE BRIDGE WAS DESIGNED AND BUILT WITHOUT USING COMPUTERS 
AND THE ENGINEERS BEFORE THAT BUILT THE RAILROADS! ALL EXTREMELY LAUDABLE 
ACCOMPLISHMENTS AND THROWN AT YOU AS; “WE HAVE ACHIEVED GREATNESS WITH THESE 
ACCOMPLISHMENTS” AND WHAT HAVE YOU ACCOMPLISHED? FOR THAT MY SUGGESTION TO YOU IS THIS; 
SIMPLY ASK THEM TO EXPLAIN TO YOU HOW THE PYRAMIDS OF EGYPT WERE BUILT! AND THEN YOU WILL 
BE TOLD ABOUT SENDING MAN TO THE MOON AND BRINGING HIM BACK! YOUR RESPONSE; WONDERFUL 
AND AM I TO THINK THAT YOU ARE TELLING ME TO STOP ALL FURTHER CONTEMPLATION AND 
EXPLORATION AND DO NOT THINK OF THE JOURNEY TO MARS AND BEYOND? AND ONE DAY YOU WILL 
BECOME LIKE YOUR GRANDFATHERS'; AND THE GENERATIONS YET TO COME LOOKING UPON YOUR 
ACCOMPLISHMENTS AS THEIR FOUNDATIONS AND MOVING FORWARD DOING UNTHINKABLE AS OF YET 
AND UNKNOWN FORAYS INTO THE UNKNOWN! AND WHAT IS COMMON TO ALL THESE GENERATIONS OF 
ENGINEERS AND THEIR ENGINEERING THOUGHT AND ACTIVITIES? ENGINEERING REASONINGS! MEANING 
THE THING IS SUPPOSED TO WORK EXACTLY AS IT SHOULD AND SHOULD NOT HARM OTHERS OR ITSELF! 

GONE ARE THE SLIDE RULES, CALCULATORS, DRAFTING BOARDS ETC., ETC., AND TODAY YOU HAVE THE 
COMPUTER BASED TOOLS TO HELP YOU IN YOUR ENGINEERING WORKS AND REASONING WITH NO 
ASSURANCE THAT FUTURE GENERATIONS OF ENGINEERS WILL USE THE SAME TOOLS THAT YOU ARE 
LEARNING AND USING! SOMETIMES THOUGHTS SUCH AS THESE CAUSE AN INTERESTING PROCESS INSIDE 
THE HUMAN PSYCHE; THE VERY THING YOU ARE ABOUT TO LEARN MAY NEVER BE USED OR EVEN HEARD 
OF BY FUTURE GENERATIONS! NOSTALGIA AND REFLECTIONS OF A PAST IMAGINING A FUTURE YET TO 
UNFOLD! SADLY LIKE THE ABACUS DISAPPEARED AND THEN ALL THOSE FABULOUS COMPUTATIONAL 
TOOLS WE ENJOYED WORKING WITH; EVEN THE MODERN COMPUTER TOOLS, FINITE ELEMENTS ANALYSIS, 
CAD/CAM AND MANY OTHER THINGS OF TODAY WILL DIE AT SOME POINT IN THE FUTURE, FORGOTTEN AND 
DISCARDED DUE TO THEIR ANTIQUITY AND PRIMITIVITY. ENGINEERING REASONINGS WILL SURVIVE ONLY 
BECAUSE OF ITS PRIMALITY AS ONLY ENGINEERING REASONINGS HAVE THEIR RAISON D’ETRE! 

SO NOW OUR QUESTION IS WHAT DO WE DO IN FINITE ELEMENTS ANALYSIS? 





FINITE ELEMENTS METHOD [FEM] ANALYSIS NOT TO BE CONFUSED WITH FEMA [EMERGENCY RESPONSE 
AGENCY] USES ENERGY METHODS TO ANALYSE STRUCTURES FOR STRESSES / STRAINS / DISPLACEMENTS / 
FORCES ETC., AND WITH THAT SAID THERE ARE VOLUMES EXPLAINING IT. EASIER TO DO FEM THAN TALK! 

I HAVE GIVEN YOU THE EXAMPLE OF A PLATE WITH A HOLE AND SAID WE WILL MODEL IT USING THE 
OPENSOURCE SOFTWARE; LISA800, AURORA Z88 AND CAELINUX 2013. THERE WILL ALSO BE OTHER 
PROBLEMS SOLVED WITH THESE SOFTWARE PACKAGES AND ALSO USING THE SPREADSHEETS LIKE 
MICROSOFT EXCEL, OPENOFFICE CALC, LIBREOFFICE CALC ETC., I AM GIVING YOU BELOW THE LINKS TO 
DOWNLOAD THE SOFTWARE TO YOUR PERSONAL COMPUTERS. 

http: //I isafea.com/ 

LISA800 IS 600b SOFTWARE THAT SETS YOU UP ANb RUNNING WITH YOUR ANALYSIS 
QUICKLY ANb ALSO IT IS VERY QUICK TO LEARN ANb USE. 
http: //z88. de/z88aurora/wasistz88_e. htm 

AURORA Z88 IS INbUSTRIAL GRAbE SOFTWARE THAT ALLOWS YOU TO bO NONLINEAR 
ANALYSIS ALSO INCLUbING OTHER FINITE ELEMENTS PROGRAMS FILES. 
http://www.caelinux.com/CMS/ 

CAELINUX 2013 HAS THE FULL SUITE OF CAb / CAE /CAM SOFTWARE ALONG WITH FINITE 
ELEMENTS SOFTWARE ANb HAS THIS NEAT ABILITY OF BEING PUT ON AN USB OR bVb ANb 
ALLOWING SEPARATE RUNNING OF THE SOFTWARE AS A STANbALONE TOOL ON MOST PCS. 

SO PLEASE EXPECT TO START SEEING MORE MENTIONING OF FINITE ELEMENTS ETC., AND EXAMPLES 
USING THESE METHODS. MY GOAL IS TO MAKE YOU USE IT AS A SECOND NATURE. 

NOW LET US REVISIT THE POGO STICK WORLD RECORDS FOR A JUST A TINY MOMENT; 

■ THE FIRST IS 70,271 JUMPS IN ABOUT 7 HOURS AND THIS TRANSLATES TO 2.8 POGO JUMPS PER SECOND WITH 
ENGINEERING REASONINGS ROUNDING IT OFF TO 3 POGO JUMPS PER SECOND OR 3 Hz FREQUENCY 

■ THE SECOND IS 26.2 MILES TRAVELLED IN ABOUT 16.4 HOURS AND THIS TRANSLATES TO 1.6 MILES TRAVELLED 
IN AN HOUR OR 8,448 FEET TRAVELLED IN AN HOUR; TRAVELLING 2FT 4 INCHES PLUS EVERY SECOND. 

NOW I WILL LEAVE YOU ALONE WITH THE QUESTION; WHATS' GOING ON IN A POGO STICK? NO BIG DEAL? 

Y AW RIGHT? 

SO NOW ONWARD TO THE POGO STICK FOR TWO AND THE 2.5 kW VERTICAL AXIS WIND TURBINE! 
















AND NOW ON THE FOLLOWING NEXT TWO PAGES ARE A RENAISSANCE RENDERINGS OF THE FAMOUS 
THEME OF THE ADORATION OF THE MAGI [ I KNOW THERE ARE GRAMMAR ERRORS IN MY SENTENCE ] 

THE FIRST RENDERING IS FROM SANDRO BOTICELLI WITH HIS SELF PORTRAIT LOOKING OUT 
OF THE PAINTING TO THE FAR RIGHT [AS HIS TRADEMARK OR SIGNATURE] AND THE MEDICI 
FAMILY IS PORTRAYED AS THE MAGI WORSHIPPING THE DIVINE CHILD CHRIST 
THE SECOND RENDERING IS AN OVERPAINTING OVER THE ORIGINAL UNFINSHED WORK OF 
LEONARDO DA VINCI BY SOMEONE AND THIS HAS HISTORICAL VALUE AS THE UNDERDRAWING 
WAS ONLY RECENTLY DISCOVERED AND REVEALS LEONARDOS' THINKS, TECHNIQUES BEFORE 
HE BECAME THE LEONARDO DA VINCI THAT WE HAVE COME TO KNOW AS SUCH; THE GENIUS 

BOTH SANDRO AND LEONARDO WERE APPERENTICES AT VEROCCHIOS' WORKSHOP IN THEIR YOUNGER DAYS AND 
THE STORY GOES THAT VEROCCHIO STOPPED ALL FURTHER PAINTING [THREW AWAY HIS ARTISTS' TOOLS AND 
BRUSHES] AFTER LEONARDO DID SOME TOUCHUPS ON HIS WORK; THE BAPTISM OF CHRIST [SHOWN BELOW], 














































